Although it was proposed over a century ago that feedback from facial expressions influence emotional experience, tests of this hypothesis have been equivocal. Here we directly tested this facial feedback hypothesis (FFH) by comparing the impact on self-reported emotional experience of BOTOX injections (which paralyze muscles of facial expression) and a control Restylane injection (which is a cosmetic filler that does not affect facial muscles). When examined alone, BOTOX participants showed no pre-to posttreatment changes in emotional responses to our most positive and negative video clips. Between-groups comparisons, however, showed that relative to controls, BOTOX participants exhibited an overall significant decrease in the strength of emotional experience. This result was attributable to (a) a pre-versus postdecrease in responses to mildly positive clips in the BOTOX group and (b) an unexpected increase in responses to negative clips in the Restylane control group. These data suggest that feedback from facial expressions is not necessary for emotional experience, but may influence emotional experience in some circumstances. These findings point to specific directions for future work clarifying the expression-experience relationship.
One of the most socially significant of human behaviors is expression of emotions on the face. Accordingly, scientific interest in facial expressions has a long history (Darwin, 1872) and is as alive today as ever (Gross, 1998; Niedenthal, 2007) . Much of this interest has concerned the role of emotional expressions as social signals of internal states, and the mechanisms by which we recognize these expressions in others (e.g., Adolphs, 2002; Ekman, Friesen, & Ancoli, 2001; Olsson & Phelps, 2007) . Comparatively less attention has been paid, however, to the possibility that facial expressions are not only external manifestations of internal states, but can trigger or modulate emotional experiences. First championed by William James (1894) over a century ago, this view is now commonly known as the facial feedback hypothesis (FFH) (Tomkins, 1962) .
Though it has been actively pursued since that time, support for the FFH has been somewhat mixed. For example, the FFH predicts two complementary effects: posing a facial expression should increase the intensity of emotional experience, and inhibiting facial expressions should decrease it. However, only the former effect has been found consistently (e.g., Gross, 1998; Keillor, Barrett, Crucian, Kortenkamp, & Heilman, 2002; Strack, Martin, & Stepper, 1988 ; for reviews, see McIntosh, 1996; Soussignan, 2004) . In addition, strong and weak versions of the FFH have been presented, in which facial feedback either completely determines, or merely influences, emotional experience. Only the weak version has received support (Keillor et al., 2002) .
In many of these studies, participants were instructed to hold their faces still, to flex facial muscles for ostensibly nonemotional reasons, or to maintain a specific expression. This leads to two potential sets of problems. First, explicit instructions regarding facial movement or expression could influence participants' perceptions (and reports) of their emotional experience (Strack et al., 1988) . Such instructions can also influence emotional reports through other channels. They may be distracting (Davis, 2009; Davis, Senghas, & Ochsner, 2009) , and there is the potential that participants might use cognitive strategies of emotion regulation to help limit facial expressivity, even if they do not believe the study hypothesis pertains to emotional expressivity ). Furthermore, any results obtained could be attributed either to (a) the mental processes engaged in producing an expression and/or in flexing facial muscles or (b) the feedback from the face once a facial movement occurs or an expression is formed. That is, they may be either productive or reactive.
These problems were partially avoided in a case study of a patient with Guillain-Barre syndrome (Keillor et al., 2002) . Despite total facial paralysis, this patient reported normal emotional experience. However, it is difficult to generalize from this finding to typical functioning because the disorder may involve other, more widespread effects (NINDS, 2007) . Furthermore, the patient's preparalysis emotional status is not known. Consequently, any changes in emotional experience from before to after the onset of the syndrome would not have been detected.
A more controlled way to investigate the connection between facial expression and emotional experience would be to examine individuals who transiently lose the ability to move facial muscles related to the expression of emotion. This approach was taken in two studies of individuals who received injections of BOTOX (Allergan, Inc., California) into the corrugator supercilii for cosmetic treatment of glabelar frown lines between the eyes. The active ingredient of BOTOX (botulinum toxin Type A, BoNT-A) is a neurotoxin that paralyzes the muscle into which it is injected (Dolly & Aoki, 2006) . In the first study, 10 patients with ongoing treatment resistant major depression were given BoNT-A injections (Finzi & Wasserman, 2006) . Two months after treatment nine of 10 participants were no longer clinically depressed, suggesting that BoNT-A injections-and facial feedback-can affect mood. This conclusion is tempered, however, by the facts that participants in this study were aware of the hypothesis, there was no control group, and these findings pertain to people with clinical diagnoses and to the alleviation of their clinical condition, which can include nonemotional as well as emotional changes. The second study used functional imaging to compare brain activity during imitation of angry and sad expressions in groups who either did or did not receive BoNT-A injections (Hennenlotter et al., 2009) . They found that during imitation of anger, BoNT-A decreased activity in the amygdala and its coupling with brainstem nuclei involved in autonomic control. Although this ingenious approach establishes a link between the inability to voluntarily contract specific muscles and neural systems implicated in triggering emotional responses, it provides only indirect evidence in favor of the FFH because it did not measure changes in emotional experience.
The present study built on and attempted to address some of the methodological limitations of prior work by investigating the connection between facial expression and emotional experience by comparing healthy participants' self-reports of emotional experience before and after they received one of two types of cosmetic facial injections used to treat facial wrinkles. One group received injections of BOTOX. The second group received injections of Restylane (Medicis Pharmaceutical Corp., Arizona) whose active ingredient is hyaluronic acid (HA). The mechanism of action of HA differs critically from that of BoNT-A in that HA is a filler and has no effect on facial muscles (Brandt & Cazzaniga, 2007) .
We predicted that if facial feedback can influence emotional experience, then individuals who received BoNT-A injections would show a drop in self-reported emotional experience relative to any change shown by individuals who received HA injections. To test this prediction, we assessed emotional response to positive and negative video clips before and after treatment.
Method
All procedures were carried out with approval of the Columbia University Institutional Review Board.
Participants
Seventy-two women between the ages of 27 and 60 who planned to receive cosmetic facial injections took part in the experiment. Four did not return for the second session, and their data were therefore excluded from all analyses, leaving 33 in the BoNT-A group (M age ϭ 46, SD ϭ 6.7 years) and 35 in the HA group (M age ϭ 45, SD ϭ 7.3 years). None had had the procedures before. None were taking medications for the diagnosis of depression. See Table 1 for demographic information regarding level of education, race, and income.
Recruitment
Participants were recruited via newspaper advertisements and through notification by their physician. Participants were compensated for participation in the psychological experiment by receiving their cosmetic treatment for no fee. Thus, there was little or no value to participation unless one wanted to receive the cosmetic procedure. Compensation in this form was made possible by donation of BO-TOX cosmetic by Allergan and Restylane by Medicis.
Participants elected whether to have a procedure, and which procedure they wished to have. Thus, the study was a quasiexperimental design. This design was necessary to avoid coercing participants to obtain a procedure they would not otherwise have chosen. To prevent self-selection bias from influencing group differences, participants elected their procedure after completing Session 1 and on meeting with the physician for treatment.
The physician who administered all treatments (third author) has offices in both New York City, New York and Coral Gables, Florida. Participants were recruited in both locations. Of the 68 who completed both sessions, 49 were in New York City (23 BoNT-A and 26 HA), and 19 in Coral Gables (10 BoNT-A and nine HA). As described below, analyses tested for and found no significant effects of testing location.
Stimuli
Both positive and negative video clips were used so that a decrease in the strength of self-reported emotional experience could be distinguished from an overall shift toward greater positivity or negativity. Two additional weakly emotional video clips were included to mask our interest in the strongly positive and negative clips that were of primary interest, and to provide additional observations. Informal pretesting suggested that finding truly neutral clips for this purpose would be difficult. We therefore selected mildly positive emotional clips to serve as these filler stimuli. The first clip, which was always the same for each participant, was presented at the beginning of the session as a training trial and was not analyzed. Stimuli thus consisted of eight video clips (M length ϭ 2 min, 20 s, SD ϭ 12 s), divided into two sets, Set A and Set B, one to be shown during each session. Order of sets was counterbalanced such that half of the participants from each group viewed Set A in the first session and B in the second, and vice versa. Each set contained one negative, one positive, and two mildly positive clips. The negative clips were from the NBC TV show Fear Factor (e.g., one depicted a man eating a live worm sausage) (Kunitz, M., & Hurwitz, D. A., 2003) . The mildly positive clips were from documentary footage and TV (e.g., a segment on the painter Jackson Pollock) (Evans, 1987) . The positive clips were selections from the ABC TV show America's Funniest Videos (Bona, V. D., Halle, R. F. V., Fleming, E., Gordon, N., Hirsen, S., & Katz, R., 1989 -2007 . One set of the stimuli (including one negative, one positive, and two mildly positive video clips) has been used in prior research, and has been shown to elicit expected levels of emotional facial expressions in a normal population ).
Information Regarding the Cosmetic Treatments
BoNT-A blocks the release of the neurotransmitter acetylcholine in the terminal bouton of the motor neuron at the junction with the muscle into which it is injected. Critically, after BoNT-A injections, nerve signals may remain intact as they travel from the brain and ultimately down the axon to the muscle. At the muscle synapse, however, no neurotransmitter is released, the muscle lies inert, and thus no feedback about muscle movement is sent back to the brain from the periphery. BoNT-A can take up to 2 weeks to take full effect, and its effects typically persist for 4 to 6 months, until the neuron regenerates function (Dolly & Aoki, 2006) . HA, in contrast, is hydrophilic, and reduces the appearance of wrinkles by filling the area under the skin with water captured by the acid; its effects typically last 6 months (Brandt & Cazzaniga, 2007) .
Participants who elected BoNT-A received injections into the glabelar region (the corrugator supercilii muscles involved in furrowing the brow) and into the region lateral to the eyes (the orbicularis oculi muscles involved in producing "laugh lines" or "crow's feet"). Six participants received injections into the corrugator supercilii only and one into the orbicularis oculi only. Participants who elected HA received injections into the nasolabial folds (the lines beginning at the nose and extending down around the sides of the mouth; see Figure 1 ).
Procedures
The sequence of the procedures is illustrated in Figure 2 . Cover story. To limit the degree to which participants believed that the study pertained specifically to BoNT-A or HA, participants were told that the experiment was testing patients receiving a variety of medical procedures to study the effects of general anesthesia on memory and attention, and in particular, whether such effects could be found up to 2 or 3 weeks following treatment. As their procedure did not include general anesthesia, all participants were told that they were in the nonanesthesia comparison group. By mentioning our interest in the longer term effects of their procedure, this story provided a motivation for asking participants to return for a second session without needing to make reference to the 2-week window necessary for BoNT-A to take full effect. We nonetheless brought participants back as soon after the procedures had taken full effect as possible, to control for longer term changes in participants' lives. In this way, if indeed there were an effect on emotional experience, we would have the maximum potential to detect it.
Presentation of stimuli. Participants took part in two experimental sessions, one before and one after treatment, specifically, within the 8 days before, and 14 to 24 days after treatment. 1 Session 1 began with a training video clip. This clip was used to acquaint participants with a experimental procedure and the questions that followed each clip. Data pertaining to this first clip were excluded from the analyses. The second, third, and fourth clips were negative, mildly positive, and positive, presented in counterbalanced order across participants and groups. Following each video were a number of filler questions, the majority of which pertained to aspects of memory and attention that were of no interest. Amid the filler questions was the item pertaining to our variable of interest: The number that most closely represented how participants felt as a result of watching the video clip, based on a scale ranging from Ϫ4 (very negative), 0 (neutral), to ϩ4 (very positive). After all self-report items were completed, participants completed math and word puzzles to clear their minds and reduce potential carryover effects from one stimulus to the next, and to further distract attention from our interest in emotional response. At the end of Session 1, participants completed the Beck Depression Inventory (BDI; Beck, Steer, & Garbin, 1988) and the Positive and Negative Affect Schedules (PANAS; Watson, Clark, & Tellegen, 1988) to control for potential baseline dif-1 Two participants took part in Session 1 more than 8 days prior to treatment because they rescheduled their appointment for treatment. ferences between the groups on variables related to daily affect and mood.
Session 2 was identical to Session 1, except as follows: Participants who had seen one set of video clips in Session 1 saw the complementary set in Session 2, with set order counterbalanced across participants and groups. A "funnel" debriefing interview (described below) followed the final video clip. Participants then reported on their satisfaction with their appearance as a result of their procedures, using a 9-point Likert scale ranging from 1 (completely unsatisfied) to 9 (completely satisfied) to investigate whether this variable influenced emotional self-reports. At the completion of the study participants were fully debriefed, including an explanation of the cover story and the true purposes of the research. They were encouraged to ask questions to ensure full understanding.
Data was unavailable for one participant from each of the PANAS and satisfaction with appearance measures. Missing data points were replaced with group means.
Debriefing Interview
A funnel debriefing interview, modeled after those used by Bargh and colleagues (Bargh, Chen, & Burrows, 1996) , incrementally guided participants toward the hypothesis with each of seven questions, culminating by asking participants to imagine what the study might be about if it were other than the effects of general anesthesia on memory and attention.
To assess awareness of the hypothesis, two coders who were blind to experimental condition coded the responses from the interview as to whether participants guessed that the study pertained to facial expression and emotional experience.
To create a liberal criterion, erring on the side of a correct guess, participants did not need to explicitly state that the hypothesis corresponded to the connection between facial expression and emotional experience, but merely that the hypothesis pertained to both emotional experience and facial expression in some way. Thus, participant responses were coded separately for emotional experience and for facial expression. As there were seven questions in the interview, coders gave scores of one through seven for each of the two factors, indicating the question at which a participant guessed that the hypothesis pertained to that factor. When participants never guessed that the hypothesis pertained to emotional experience or facial expression they were scored an eight for that factor.
Results

Self-Report of Emotional Experience
As the hypothesized effects concerned the magnitude of emotional experience, self-report ratings for the negative video clips
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The 1st video clip was not overtly emotional and was not analyzed. The 2nd, 3rd and 4th were negative, mildly positive, and positive, with order counterbalanced across participants.
There were two video clip sets administered across the two sessions, with set order counterbalanced across participants. were multiplied by minus one. In this way, relatively stronger emotional experience was indicated by more positive scores for all video clip types, regardless of valence. Order of video clip set presentation across the two sessions was included as a factor in our analyses to control for any order effects.
To test our hypothesis that BoNT-A participants should experience a decrease in emotional response across sessions relative to HA participants, we conducted a 2 (treatment group) ϫ 2 (session) ϫ 3 (video clip type) ϫ 2 (video clip set order) mixed-design analysis of variance (ANOVA) on participants' strength of emotion scores. The analysis revealed a significant interaction of session by group , F(1, 64) ϭ 4.54, p ϭ .04, p 2 ϭ .07. 2 This interaction reflected a relative decrease from Session 1 to 2 for the BoNT-A group when compared to the HA group (Figure 3 and Table 2 ). Planned comparisons of Session 1 and Session 2 scores for each video clip revealed that the BoNT-A group did not, however, show the predicted decrease in reported emotional experience to either the positive or the negative clips (Fs Ͻ 1). Instead, the significant Session ϫ Group interaction was attributable to BoNT-A participants showing a significant decrease in response to the mildly positive clips, F(1, 64) ϭ 5.46, p ϭ .02, d ϭ .38, and the HA group showing a significant increase in reported emotional experience in response to the negative video clips, F(1, 64) ϭ 3.91, p ϭ .05, d ϭ .26.
Because research ethics precluded assigning individuals to treatment conditions, it was important to verify that the observed effects were not due to baseline differences between the two groups in affect or demographics. To address this possibility two kinds of analyses were conducted. The first was a planned 2 (treatment group) ϫ 3 (video clip type) ϫ 2 (video clip set order) ANOVA on scores at Session 1 that did not reveal a significant between groups difference in self-reported emotion prior to treatment ( p ϭ .09). The second repeated the 2 (treatment group) ϫ 2 (session) ϫ 3 (video clip type) ϫ 2 (video clip set order) mixed-design ANOVA, while adding education, income level, and Session 1 and 2 BDI and PANAS scores as covariates (Tables 1 and 3 ). The session-by-group interaction remained significant in each case.
Debriefing Interview
Interrater reliability correlation coefficients between judges regarding the question at which participants stated that the hypothesis pertained to emotional experience and facial expression were r ϭ 0.71 and r ϭ 1.00, respectively. As no Pearson r can be calculated when scores remain constant (in this case a score of eight for each participant for both coders), an r value of 1.00 was assigned to indicate perfect correlation, reflecting that no participants guessed at any point during the interview that the hypothesis pertained to facial expression. An interrater reliability coefficient for whether participants guessed that the study pertained to both emotional experience and facial expression was thus also r ϭ 1.00; that is, both judges fully agreed that no participants fell into this category.
Discussion
To test the FFH, this study asked whether the strength of self-reported emotional experience would be decreased by BoNT-A induced paralysis of specific facial muscles, which render an individual unable to generate facial expressions and therefore to experience facial feedback. Comparing pre-versus postinjection self-reports for a group of BoNT-A participants and their matched control group, our findings provide mixed support for the FFH.
On one hand, when examined alone, the BoNT-A group did not show a postinjection drop in self-reported emotional experience in response to the negative and positive stimulus clips. On the other hand, between-group comparisons showed that relative to HA participants, BoNT-A participants exhibited an overall postinjection decrease in the magnitude of emotional experience. Follow-up tests revealed that this effect was driven by (a) a decrease in responses to the mildly positive control clips for the BoNT-A group, combined with (b) an unexpected increase in responses to the negative film clips for the HA group.
Implications for Emotion Theory and Research
Taken together, these data have at least three kinds of implications for emotion theory and research. First and foremost, they do not support strong versions of the FFH that posit a necessary role for facial feedback in emotional experience, but are consistent with weaker versions of the FFH suggesting that there are circumstances in which facial feedback contributes to, but is not the sole determiner of, emotional experience (Keillor et al., 2002; McIntosh, 1996) .
Second, the unexpected but intriguing finding that BoNT-A injections affected responses to mildly but not strongly emotional clips suggests that one critical factor determining when facial feedback may matter is the strength of the emotional impulse. Current theories suggest that emotional experience arises from the operation of multiple-different systems involved in emotional appraisal as well as perception, judgment, and emotion expressive behavior (Barrett, Mesquita, Ochsner, & Gross, 2007) . In the context of the present data, it is plausible to suggest that strong impulses may be less susceptible to influence by any single factor-such as facial feedback-because they are overdetermined by responses in multiple systems. On this view, weaker emotional impulses are influenced more by the contributions of any single type of relevant input-such as facial feedback. Although intriguing, this conclusion must at present remain a tentative hypothesis because the present study was not designed to test it explicitly. Indeed, this study included only weakly positive, strongly positive, and strongly negative clips, and so cannot be used to determine whether the BoNT-A injections influence weak impulses in general or just weak positive ones. Future work including both strong and weak positive and negative film clips will be necessary to address this issue.
2 Planned analyses were conducted to investigate the effects of city (Coral Gables vs. New York City). With city included in the analysis, a 2 (treatment group) ϫ 2 (session) ϫ 3 (video clip type) ϫ 2 (video clip set order) ϫ 2 (city) ANOVA revealed a significant interaction of city by session, F(1, 60) ϭ 5.31, p ϭ .03, p 2 ϭ .08, reflecting a pattern in which there was a slight increase in emotional experience from Session 1 to 2 for New York City participants and a slight decrease for Coral Gables participants. There was also a significant main effect of city, in which the Coral Gables participants rated their emotions as stronger than did the New York City participants, F(1, 60) ϭ 6.06, p ϭ .02, d ϭ .67. Crucially, city did not interact with treatment group, and could therefore safely be excluded from the interpretation of the primary analysis presented.
Third, multiple aspects of this study's design suggest our results are attributable to the absence of facial feedback alone-and not other factors that could have influenced the results of prior studies. The use of BoNT-A as an indirect means of manipulating facial feedbackrather than explicitly instructing participants to hold their faces in a particular expression-reduces the possibility that expectations or experimenter demand influenced emotion reports. In keeping with this, detailed debriefings showed that all participants believed the cover story that the experiment had to do with memory and attention instead of emotion and facial expression. In addition, the finding that the most significant changes across sessions occurred in response to the mildly emotional stimuli also suggests that the effects of BoNT-A injections are not due to expectations that the treatment should affect one's emotional reactions-if they had been, the greatest changes in emotional response would have been expected for the most overtly emotional stimuli. Furthermore, unlike prior patient work that examined emotion experience only after paralysis had set in (Keillor et al., 2002) , the use of a within-participant, pre-versus posttreatment de-sign controlled for individual differences in preparalysis experience. In addition, the inclusion of the HA comparison group controlled for any incidental factors that might influence emotional experience, including expectations and motivations (as both sought cosmetic treatments), condition (facial wrinkles), method of application (injectables), and invasiveness (cf. Finzi & Wasserman, 2006) . Finally, unlike the prior case of facial paralysis, which was due to a disorder with potentially widespread effects (Keillor et al., 2002) , the effects of BoNT-A are known to be highly selective. BoNT-A injections leave intact the neural and psychological processes that generate a motor command, but keep this command from being translated into action by rendering injected facial muscles inert, thereby eliminating the subsequent feedback to the brain that expressive muscle activity occurred.
Limitations and Future Directions
Future work could build on and address limitations of the present study in a number of ways. First, it could follow up on the unexpected finding that BoNT-A injections influenced reactions to low intensity positive but not reactions to high intensity positive and negative stimuli. Using BoNT-A injections (or a comparable manipulation) and both positive and negative stimuli of varying emotional intensity, such studies could directly test the hypothesis that facial feedback more strongly influences low intensity emotional responses. Second, future work could further clarify the extent to which the present findings are related to the specific injection sites used for each procedure. Whereas BoNT-A was applied to the wrinkles of the upper face, HA was applied to regions closer to the mouth, such as the nasolabial folds. For ethical and practical reasons, participants received treatments in locations where each drug is typically used. BoNT-A is not injected under the nasolabial folds, for example, because paralysis there could interfere with eating and speaking. Thus, there is a potential confounding of injection site with group. This difference in injection site raises two issues. First, there is the question of whether differences in injection site could lead to differences in relative satisfaction with each treatment, which in turn could influence emotional state. This was not the case; when participants' self-reports of satisfaction with their appearance after the procedure are entered into the analyses as a covariate, there are no significant changes in the results. Second, perhaps the relative differences between the groups were due to the differing effects on musculature or sensory feedback at the specific injection sites. The muscles injected with BoNT-A were the corrugator supercilii (frown lines between the eyes) and the orbicularis oculi (laugh lines or crows feet). By contrast, HA was injected subcutaneously into the nasolabial folds (running from below the nose around the sides of the mouth), which rest above portions of both the levator labii (raising upper lip in disgust) and zygomaticus major (smiling with the mouth). These differences in injection site may have impacted responses to the negative film stimuli. These film clips predominantly elicited disgust, which has been associated with activity in the corrugator supercilii and levator labii (Ekman et al., 2001) . By paralyzing only the former muscle group, our manipulation may have been a relatively weak one for the BoNT-A participants. Thus, it remains possible that BOTOX injections would impact negative emotional experiences that differ in how much they involve movement of the corrugator, such as different degrees and types of disgust, anger, sadness, or worry. Future research might gain more power by examining multiplenegative emotions, with varying degrees of association with corrugator supercilii activity.
Third, such work on differences between injection sites may also help us unpack the unexpected finding that the HA group showed stronger postinjection responses to the negative film clips. Because HA has no known effect on muscle movement, replications are needed, and at present we can only speculate as to why this finding was obtained. That being said, the role of the levator labii muscle group (pulling up the upper lip) in disgust may be relevant. By attracting water molecules, HA increases swelling in the region into which it is injected. This swelling may have amplified sensation, thereby increasing the feedback-based contribution to emotional experience of the levator labii. Although this interpretation is consistent with the FFH, future research should examine changes in sensation due to HA-induced swelling, and whether it is sufficient to modify emotional experience.
Fourth, within the BoNT-A group, the injection sites for BoNT-A merits future consideration as well. BoNT-A injections were placed in two different muscle groups related to emotional expression-the corrugator supercilii, which is important for furrowing the brow, as in disgust or anxiety, and the orbicularis oculi, which is involved in smiling (Ekman et al., 2001) . Consequently, we cannot determine the relative importance of paralyzing each muscle group individually. The fact that both the corrugator supercilii and orbicularis oculi were injected suggests the effects might generalize to mild emotions regardless of valence. Future research will be necessary to better dissociate the effects of specific muscle paralysis on specific emotions.
Fifth, future work could replicate the present findings to determine whether a trend toward a baseline difference between the groups contributed to some of the observed changes across sessions. For example, given that the BoNT-A group had a numerically stronger response to the mildly positive stimulus at Session 1, one might wonder whether their score at Session 2 reflects regression to the mean. While we await future work, we note now that this explanation seems unlikely for a number of reasons, however: (a) the difference between the groups at baseline was not significant; (b) by including a repeated measure (before to after treatment) as well as a between groups comparison, we statistically take into account baseline differences; and (c) there is a theoretical reason to expect BoNT-A to have diminished affective responses, whereas there is no reason to expect that regression to the mean would occur for one but not all conditions.
Sixth, future work could further clarify the neural pathway linking facial feedback to emotional experience. The present pre-versus posttreatment design could be combined with functional imaging to determine, for example, whether changes in emotional experience depend on changes in activation and functional connectivity of the amygdala, as suggested by prior work (Hennenlotter et al., 2009) . Seventh, it could be interesting to determine whether the effects of BoNT-A on emotional experience interact with one's clinical status. For example, future work combining the present methods with the study of depression could determine whether prior findings that depressive symptoms may be at least partially alleviated by BoNT-A injections depends on changes in the capacity to experience specific kinds of positive or negative emotions (Finzi & Wasserman, 2006) .
Finally, as we consider the generalizability of these findings, we should keep in mind that only women were included in this study. We have no theoretical reason to expect that the present findings would not generalize across genders. However, far greater numbers of women elect to receive the treatments of interest than men, and consequently we were unable to recruit men in numbers that would allow us to balance gender, along with our other demographic variables, across groups. As more men elect to have cosmetic treatments, we may be able to determine if they show similar effects to those we found here.
Conclusions
Research on embodied cognition and emotion increasingly suggests that, at least in some circumstances, body state information can affect judgment, knowledge, and experience (Barsalou, 2008; Critchley, Wiens, Rotshtein, Ohman, & Dolan, 2004; Damasio, 1999; Niedenthal, 2007) . The present study joins this research by pointing toward specific circumstances in which facial feedback may influence emotional experience. William James (1894) famously proposed that emotional experiences are perceptions of bodily processes. Our data suggest that the nature of the connection between mind and body may be more complex than even he suspected.
